OBJECTIVE: To examine the in¯uence of sex on whole body and regional subcutaneous, visceral, total adipose tissue (AT), skeletal muscle (SM), and lean tissue in response to weight loss induced by diet alone (DO) or the combination of diet and aerobic (DA) or resistance exercise (DR). DESIGN: Sixty upper-body obese men and women were randomly assigned to one of three treatments: DO, DA, or DR. All tissues were measured using a whole body, magnetic resonance imaging protocol. RESULTS: Within each group reductions were observed for body weight (~11 kg), subcutaneous and visceral AT (P`0.01). After controlling for pretreatment differences in tissue size, reductions in total adiposity, total and regional subcutaneous and visceral adipose tissue were not different between sexes (P b 0.1). Independent of sex, the reduction in visceral AT was greater than subcutaneous AT (P`0.05) in response to DO and DA. With the exception of DA women, the reduction in abdominal subcutaneous AT was greater (P`0.05) than lower-body subcutaneous AT in response to diet and exercise, but not diet alone, in both sexes (P b 0.05). Independent of sex, skeletal muscle mass was preserved within the exercise groups (P b 0.05) but not diet alone (P`0.05). Peak VO 2 (lamin) improved in the DA groups as did muscular strength in the DR groups (P`0.01). CONCLUSIONS: These ®ndings indicate that in response to diet or diet and exercise-induced weight loss, reductions in total adiposity, subcutaneous and visceral adipose tissue distribution are not different in obese men and women. Independent of sex, the combination of diet and exercise results in a preservation of skeletal muscle mass, a preferential reduction of abdominal subcutaneous AT, and improved functional capacity by comparison to diet alone.
Introduction
Human adipose tissue is heterogenous with respect to free fatty acid uptake and mobilization. 1 In situ 2 and in vivo 3 evidence suggests that catecholamine-stimulated lipolysis differs substantially between visceral, lower-body, and abdominal subcutaneous adipose tissue (AT), and that sex appears to in¯uence these regional differences. 1 Whereas basal free fatty acid release is greater in upper-compared to lower-body subcutaneous AT in both sexes, lower-body adipocytes in women are resistant to catecholamine stimulation in comparison to men of a similar phenotype. 3 These observations suggest that sex may in¯uence the effects of weight loss on AT distribution. Indeed, that gluteal-femoral adipocytes are resistant to catecholamine stimulation suggests that women may preferentially reduce abdominal subcutaneous AT. Accordingly, by comparison to men, women would lose less lower-body subcutaneous AT. As exercise is known to increase plasma catecholamine levels in both sexes with the effects persisting for several hours postexercise, 4 exercise may potentiate the in¯uence of weight loss on AT distribution. Indeed, we have shown that the combination of diet and aerobic or resistance exercise was associated with a preferential reduction of abdominal subcutaneous AT that was not observed in response to diet alone in men. 5 Whether or not these observations are true for women, or whether sex in¯uences these treatment differences, is unknown.
Apart from the in¯uence of weight loss on AT distribution, we also report that in men, the combination of diet and aerobic or resistance exercise is associated with a preservation of skeletal muscle (SM) whereas signi®cant reductions are observed in response to diet only. 5 These ®ndings agree with observations in women demonstrating that SM is preserved in response diet and aerobic exercise but not diet alone. 6 Absent from the literature is a report that considers the in¯uence of diet alone, or diet combined with aerobic or resistance exercise on SM in women. Accordingly, there are no reports that consider whether sex in¯uences the effects of diet and exercise-induced weight loss on SM distribution. Because sex does not appear to in¯uence SM characteristics 7 or adaptations in SM in response to resistance training, 8 it is suggested that at least in response to resistance exercise, the in¯uence of diet and exercise-induced weight loss on SM will not be different in men and women.
Given the established relationship between AT distribution and health risk in both sexes, 9 knowledge of how men and women mobilize adipose tissue from different depots (that is visceral and subcutaneous AT) during weight loss is important. Doing so may improve our understanding of the acknowledged sex differences for weight loss-mediated improvements in metabolic risk factors. 10 In addition, the importance of SM in maintaining functional capacity and energy metabolism suggests it is also important to understand whether sex in¯uences adaptations in SM morphology in response to diet and exercise.
Therefore, the purpose of this study was to determined whether sex in¯uences the changes in AT and SM distribution with weight loss induced by diet alone or the combination of diet and aerobic or resistance exercise in moderately obese men and moderately obese premenopausal women. In so doing we tested the following hypotheses: (1) that the reductions in lower-body and total subcutaneous AT will be greater in men than women, but that sex does not in¯uence the reductions in visceral AT; (2) that independent of sex, the combination of diet and exercise induces a preferential reduction in abdominal compared to leg subcutaneous AT; (3) that independent of sex and treatment, a preferential reduction in visceral AT compared to subcutaneous AT will occur; and (4) that the combination of diet and exercise would preserve SM in comparison to diet alone in both sexes.
Subjects and methods

Subjects
Subjects were recruited from the general population through the local media. Inclusion criterion required that the subjects were upper body obese [body mass index (BMI, kgam 2 ) b 27; waist-to-hip ratio (WHR) ! 0.95 in men and ! 0.85 in women, derived using the umbilicus waist circumference], weight stable ( AE 2 kg) in the six months prior to the study, taking no medications known to affect the study variables (that is oral contraceptives), consumed on average no more than two alcoholic beverages per day, and that the women were premenopausal. Analysis of the subjects' aerobic capacity (peak oxygen uptake 3.2 AE 0.3 and 2.3 AE 0.2 lamin in men and women) indicated that the subjects were generally sedentary prior to participation. Those subjects meeting the study criterion were randomly assigned to one of three treatments; diet alone (DO), diet and aerobic exercise (DA), or diet and resistance exercise (DR). Due to limitations within our laboratory it was not possible to study both sexes concurrently, thus the women were studied prior to the men. Seventy-one subjects completed the study, eleven were excluded from data analysis in order to ensure that the groups were matched for age and BMI. As the males were older and less obese than the females, we excluded the Calculated by using the umbilicus waist circumference.
Sex effects on body composition changes I Janssen and R Ross three oldest males and the seven youngest and most obese females from data analysis. The descriptive characteristics for all groups are presented in Table  1 . The men were slightly older ( $ 5 y) and had larger WHRs and visceral AT depots compared to the women, while the women had more subcutaneous and total AT compared to the men (P`0.05). There were no differences across treatment for any of the anthropometric or MRI variables (P b 0.05). All subjects gave their fully informed and written consent to participate in the study, which was conducted in accordance with the ethical guidelines as set by Queen's University.
Diet and exercise regimens
Dietary protocol. The subjects energy requirements were determined by multiplying the Harris ± Benedict equation 11 by a factor of 1.5, which has been reported to be within $ 8% of actual energy requirements in healthy subjects. 12 During the pre-and post-treatment testing periods ( $ one week), a weight maintenance diet was followed at the prescribed energy intake. For the 16 week treatment period the weight maintenance energy intake was reduced by 4.19 MJad (1000 kcalad) in all groups. All foods were self selected and no supplements were prescribed. All subjects were required to keep daily diet records for the duration of the study which they used to calculate their total energy and fat intake. All subjects were asked to limit dietary fat intake to less than 30% of the total energy intake. The diet records were reviewed, and corrected when necessary, on a weekly basis using standard food tables 13 to ensure compliance to the prescribed diet and that proper nutrition was maintained. All subjects were requested to attend weekly meetings to discuss individual success strategies and obtain dietary counsel.
Aerobic exercise protocol. Ten men and ten women performed aerobic exercise 5 d/week in addition to the energy restriction. The exercise sessions lasted for $ 15 min at the beginning and progressed to a maximum of 60 min based on the subjects' capabilities. The mode of aerobic exercise was determined by the subject and consisted of either brisk walking on a motorized treadmill (Quinton Instruments, Seattle, WA), stationary cycling on a cycle ergometer (Monark, Varberg, Sweden), or stair stepping on an electronic stairmaster (StairMaster 4000, Tri-Tech Inc., Tulsa, OK). Exercise intensity was monitored using an automated heart rate monitor (Polar USA, Stanford, CT). The intensity of the exercise progressed from 50% to 85% of the maximal heart rate that was achieved during a peak oxygen uptake test (VO 2peak ) at a rate determined by the individual subject capabilities. All of the exercise sessions were by appointment and supervised by a physical educator to ensure compliance to the prescribed program.
Resistance training protocol. In addition to the energy de®cient diet, 10 men and 10 women also performed resistance exercise 3 daweek using Nautilus weight-training equipment (Nautilus, Deland, FL). Training sessions began with a 5 ± 10 min warm-up of low intensity stationary cycling and 5 min of static stretching. Following the warm-up, seven exercises were performed in each session: leg extension, leḡ exion, super pullover (latissimus dorsi), bench press, shoulder press, triceps extension, and biceps curl. One set of 8 ± 12 repetitions were performed to the point of volitional fatigue. For each repetition the concentric contraction phase was performed in $ 2 s and the eccentric contraction phase in $ 4 s. As soon as 12 repetitions could be performed at a given weight, the weight was increased by an amount (that is one plate) that permitted $ 8 repetitions to be performed. Large increases in strength [one repetition maximum (RM)] of 30 ± 45% have been observed in both men and women using a similar training protocol with the same equipment.
14 Sit-ups (curl-ups) were performed for the abdominal muscles in addition to the other seven exercises. Each resistance exercise session lasted $ 30 min. All of the exercise sessions were by appointment and supervised by a physical educator. The exercise monitor provided verbal encouragement to help ensure that physiological failure was reached and that proper lifting techniques were employed.
Tissue measurement by MRI
For all women the MRI images were obtained with a Siemens 1.5-tesla scanner (Erlangen, Germany) while for the men the MRI images were obtained with a General Electric Signa Advantage 1.5-tesla scanner (Wisconsin). A T1-weighted, spin-echo sequence with a 210-ms repetition time and a 17-ms echo time was used to obtain the MRI data. The MRI protocol is described in detail elsewhere. 5 Brie¯y, the subjects lay in the magnet in a prone position with their arms placed strait overhead. Using the intervertebral space between the fourth and ®fth lumbar vertebrae (L4 ± L5) as the point of origin, transverse images (10 mm slice thickness) were obtained every 40 mm from hand to foot resulting in a total of $ 41 images for each subject (six data sets of seven images). The total time required to acquire all the MRI data for each subject was $ 25 min. All MRI data was transferred to a computer workstation (Silicon Graphics Inc., Mountain View, CA) for analysis using specially designed image analysis software (Tomovision Inc., Montreal).
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Segmentation and calculation of tissue areas and volumes
The model used to segment the various tissues is fully described and illustrated elsewhere. 5 A multiple step procedure was used to identify tissue area (cm 2 ) for a given MRI image. In the ®rst step a threshold was selected for AT and lean tissue (LT) based on the analysis of a sample of typical images and their respective grey level-histograms. Each image was then reviewed by an interactive slice editor program which allowed for veri®cation, and where necessary, correction of the segmented results. The original grey level image was superimposed on the binary segmented image using a transparency mode to facilitate the corrections. In the ®nal step, the observer labeled the different tissues by assigning them different color codes.
The areas (cm 2 ) of the respective tissues in each image were computed automatically by summing the given tissues' pixels and multiplying by the individual pixel surface area. The volume (cm 3 ) of the different tissues in each slice was calculated by multiplying the tissue area (cm 2 ) by the slice thickness (10 mm). The volume of the tissues for the space between two consecutive slices were calculated by using a mathematical algorithm given elsewhere. 5 Whole body subcutaneous AT, total AT (subcutaneous visceral intrapelvic intrathoracic interstitial AT), LT (SM organ bone connective tissue), and adipose-tissue free SM (SM 7 interstitial AT) volumes were determined using all 41 images. To determine if regional differences existed with respect to the effect of sex andaor treatment on the various tissues, the body was divided into different sections. Visceral AT and abdominal subcutaneous AT volumes in liters were calculated using the ®ve images extending from 5 cm below L4 ± L5 to 15 cm above L4 ± L5. Lower-body LT, SAT, and SM were calculated using the images extending from one image below L4-L5 to the foot, while upper-body LT and SM were calculated using the images extending from L4 ± L5 to the hand. Intra-abdominal LT (that is liver, kidney, spleen, etc.) was determined using the images extending from L4 ± L5 to four images above L4 ± L5 (that is level of the lung). Regional effects of weight loss on subcutaneous AT were determined by comparing the lower-body and abdominal regions; the effects of weight loss on LT distribution were determined by examining the upper-body, lower-body, and intraabdominal regions; the effects of weight loss on regional changes in SM were determined by examining the lower-body and upper-body regions.
Determination of tissue mass
For AT and SM, volume units (liters) were converted to mass units (kg) by multiplying the volumes by the assumed constant density for AT (0.92 kgal) and adipose-tissue free SM (1.04 kgal). 15 The density for whole body adipose-tissue free LT has never been reported. Using data from the only two overweight human cadavers ( b 20% body fat) in which both the chemical composition and individual tissue weights of the entire body have been reported, 16 ,17 a value of 1.08 kgal was used to estimate adipose-tissue free LT density.
Reliability of MRI measurements
We have previously reported that the mean difference for repeat measurements of whole body LT and AT is 2% and`3% respectively. For repeat AT measurements at the L4 ± L5 level, we report that the mean difference for subcutaneous and visceral AT is 1.1% and 5.5% respectively. 18 A recent study has determined the reproducibility of MRI-SM and -subcutaneous AT volume measurements by comparing the intra-and inter-observer estimates for MRI measurements (one series of seven images taken in the legs) obtained in three male and three female subjects. 19 The inter-observer difference was 1.8 AE 0.6% for SM and 7 2.9 AE 1.2% for subcutaneous AT and the intraobserver difference was 0.34 AE 1.1% for SM and 1.5 AE 1.5% for subcutaneous AT. 19 For both studies the intra-observer differences was calculated by comparing the analysis of two separate MRI acquisitions in a single observer. The inter-observer difference was determined by comparing two observers' analysis of the same images.
Analysis of the MRI images were not performed blind to treatment or sex. To determine if this introduced a bias, pre-and post-treatment images from two subjects selected at random from each of the six groups (n 12) were re-analyzed by a single observer without knowledge of subject or treatment. Analysis (blind vs non-blind, paired t-test) indicated that there were no differences (P b 0.1) when the changes in visceral (1.2 AE 0.3 vs 1.2 AE 0.3 kg), subcutaneous (7.5 AE 1.0 vs 7.2 AE 0.9 kg) AT, and skeletal muscle (1.4 AE 0.4 vs 1.5 AE 0.4 kg) were compared. In addition, a single image in the abdomen and proximal thigh for each subject (n 60), both pre-and post-treatment, were re-analyzed in a blind fashion by a single observer. Consistent with the whole body analysis, the blind vs non-blind data for changes in visceral (46 AE 5 vs 43 AE 4 cm 2 ), abdominal subcutaneous (95 AE 7 vs 97AE 7 cm 2 ), leg subcutaneous (96AE 5 vs 93 AE 5 cm 2 ) AT, and skeletal muscle (16AE 2 vs 18 AE 2 cm 2 ) were not different (P b 0.1).
Anthropometric variables
Body weight was measured on a balance scaled calibrated to the nearest 0.1 kg with the subjects dressed in a t-shirt and shorts. Barefoot standing height was measured to the nearest 0.1 cm using a wall-mounted stadiometer. Circumference measurements were taken with the subjects in a standing position at the level of the umbilicus, last rib, and hip using standard procedures. 20 Two measurements were taken at each site with the mean of the two Sex effects on body composition changes I Janssen and R Ross measurements used. The circumference measurements were taken by the same observer pre-and post-treatment. As upper body obesity is typically determined using the umbilicus waist circumference, the descriptive WHR and waist circumference measurements were derived using the umbilicus waist circumference. However, as the level of the umbilicus may change with weight loss, the pre-to post-treatment changes in the WHR and waist circumference were measured using the last rib waist circumference.
Evaluation of training performance
Aerobic capacity. Peak oxygen uptake (VO 2peak ) was determined using a graded treadmill test that employed a constant walking speed of 4.8 to 5.6 kmah depending of the subject capabilities. For the initial 2 min the grade was set at 0%, after which time it was increased to 2% for the third minute and by 1% every minute thereafter. Standard open-circuit spirometry techniques using a Sensor Medics 2900 metabolic measurement cart (SensorMedics, Yorba Linda, CA) were used to determine oxygen uptake (VO 2 ). It was assumed that VO 2peak was obtained when at least two of the following three criterion were achieved: no increases in VO 2 despite further increases in treadmill grade, a heart rate at or above age predicted maximum (220-age), and a respiratory exchange ratio above 1.0.
Muscular strength. Increases in strength were estimated using the following formula: [(a 7 b)aa]Â100, where a equals the number of weight plates (10 lbs per plate) lifted at the beginning of week 4, and b equals the number of weight plates lifted at the completion of the 16 week program. Week 4 was chosen as the initial week in an attempt to represent changes in muscular strength that were primarily due to SM hypertrophy, thereby omitting initial increases in strength that were predominately attributable to neuromuscular factors. 21 A linear relationship between the 7 ± 10 RM and the 1 RM both pre (r 0.94) and posttraining (r 0.95) have been shown with the use of a Nautilus training program similar to ours.
14 Increases in upper-body strength were calculated using the bench press and super pullover exercises, whereas lower-body strength changes were calculated using the leg extension and leg curl exercises.
Energy cost of exercise
Aerobic exercise. The oxygen cost of both treadmill walking and stationary cycling were determined using the equations given by the American College of Sports Medicine. 22 Howley et al 23 have previously reported that direct measurement of metabolic equivalent (MET) values with the use of a StairMaster 4000 (Tri-Tech Inc., Tulsa, OK) were $ 20% lower that those determined using the equation provided by the equipment manufacturer. Therefore the MET values obtained when using the stair stepper were reduced by 20% before estimation of the oxygen cost.
Resistance exercise. Based on previously reported data the rate of oxygen consumption during resistance exercise was estimated to be 45% of maximal. 24 Energy expenditure for all modes of exercise was subsequently determined by multiplying the oxygen cost by 21.1 kJal (5.04 kcalal).
Statistical analysis
Data are presented as group means AE standard error (s.e.). A three (treatment) by two (sex) way analysis of variance (ANOVA), with the pre-treatment score acting as the dependent variable, was performed to examine differences between the groups, sexes, and treatments prior to the intervention. Paired t-tests were used to assess within group changes (pre-to posttreatment) for all dependent variables. Bonferonni adjustments (P`0.008, 0.05anumber of groups) were used to interpret all t-test results. For the dependent variables in which there were no pretreatment differences across treatment or sex (see Table 1 ), a three (treatment) by two (sex) way ANOVA, with the absolute change acting as the dependent variable, was used to evaluate main treatment effects and interactions. For the dependent variables in which there were pretreatment differences across sex (see Table 1 ), a three (treatment) by two (sex) way analysis of covariance (ANCOVA), with the absolute change score acting as the dependent variable and the pre-treatment score acting as the covariate, was used to evaluate main treatment effects and interactions. The adjusted mean scores obtained from the ANCOVA tests ( Figure 1 ) were used to illustrate the potential sex differences. When the ANOVA or ANCOVA P-value was`0.05, a Scheffe Â post hoc comparison test was used to locate speci®c pre-treatment differences and main treatment effects. The within group differences between the change in subcutaneous and visceral AT, and between the changes in abdominal subcutaneous and lower-body subcutaneous AT were assessed by looking at the changes in the ratios of these tissues using a Wilcoxon test for nonparametric data. Statistical procedures were performed using SYSTAT (SYSTAT Inc., Evanston, IL).
Determination of sample size and statistical power
The sample size required to observe a signi®cant difference in MRI measurements within each group was determined using a t-test (single tailed). 25 For MRI-visceral AT volume the precision (standard deviation) in our laboratory is 10% and the expected Sex effects on body composition changes I Janssen and R Ross difference is 35AE 16%. 5, 6 The corresponding numbers for MRI-subcutaneous AT volume are 3% and 25AE 9% respectively. 5, 6 For MRI-SM volume we have recently reported that the precision is 1.5% 19 and an expected difference of 7AE 4%. 5 On the basis of these data and with an a of 0.05, a sample size of 10 subjects per group provides a power of 90% to detect a within group difference of`6% for visceral AT, 3% for subcutaneous AT, and $ 1% for SM in both sexes. A sample size of 20 subjects per treatment provides a power of 90% to detect a treatment difference of`7% for visceral AT,`4% for subcutaneous AT, and`2% for SM. A sample size of 30 subjects per sex provides a power of 90% to detect a sex difference of`6% for visceral AT,`3% for subcutaneous AT, and`2% for SM.
Results
Adherence to diet and exercise
With few exceptions (`2%), complete dietary-intake records were submitted as required by all subjects. Analysis of the diet records indicated that the mean dietary-induced energy de®cit for the male DO, DA, and DR groups were 255AE 10 kJad (1065AE 40 kcalad), 232 AE 17 kJad (968 AE 70 kcalad), and 271AE 20 kJad (1132AE 82 kcalad) respectively. The corresponding fat intakes were 20.0 AE 1.4%, 22.1AE 2.1%, and 22.9AE 1.2%. The mean dietaryinduced energy de®cit for the female DO, DA, and DR groups were 302AE 20 kJad (1264AE 88 kcalad), 356 AE 39 kJad (1488AE 165 kcalad), and 288AE 15 kJad (1203 AE 63 kcalad. The corresponding fat intakes were 20.6 AE 1.4%, 23.3 AE 1.5%, and 23.4AE 1.4%. Analysis indicated that there was no sex by treatment interaction for the mean dietary-induced energy de®cit (P b 0.1). Furthermore, there were no differences across sex or treatment for either the energy de®cit or fat intake (P b 0.05).
For the DA groups, attendance for the exercise sessions averaged 89% (range 74 ± 98%) and 92% (range 85 ± 98%) for the men and women respectively. The duration of the exercise sessions for the men (38.6 AE 2.1 min) was not different from that of the women (33.7 AE 1.9 min) (P b 0.1). For the DA groups the average exercise intensity was 79.2AE 2.1% of the maximal predicted heart rate (220 ± age) for the men and 78.0 AE 1.4% of the maximal heart rate for the women (P b 0.1). For the men $ 50% of the aerobic exercise was performed on the treadmill, 25% stair stepping, and 25% on the stationary bicycle. For the women $ 27% of the exercise was performed on the treadmill, 68% stair stepping, and 5% on the stationary bicycle. The energy expenditures values for the DA men (6.4AE 0.9 MJ (26 649AE 3841 kcal)) tended (P 0.09) to be greater than the DA women (4.6 AE 0.3 MJ (19 246AE 1382 kcal) ).
For the DR groups, attendance for the exercise sessions averaged 95% (range 81 ± 100%) and 94% (85 ± 98%) for the men and women respectively. The In response to the aerobic exercise program, VO 2peak increased (P`0.01) by 17AE 5% within the male DA group (0.47 AE 0.13 lamin) and 93% within the female DA group (0.20 AE 0.05 lamin). The improvement in VO 2peak for the DA men was greater compared to the DA women (P`0.01). VO 2peak did not change within the DO men (0.14 AE 0.15) and women ( 7 0.20AE 0.10) or the DR men (0.18 AE 0.11) and women (0.11 AE 0.15) (P b 0.01).
Strength-training performance
Improvements in strength were estimated using four (two upper-and two lower-body) of the eight resistance training exercises. The mean increase for the two lower-body exercises was 19 AE 5% within the DR men and 23 AE 5% within the DR women (P`0.01).
The mean increase in the two upper-body exercises was 12 AE 2% within the DR men (P`0.01) and 42 AE 9% within the DR women (P`0.01). No differences were observed between the DR men and women for the changes in lower-body strength (P b 0.1), however, the women improved to a greater extent than men in upper-body strength (P`0.01).
Effects of weight loss on anthropometric variables
With the exception of WHR in both DO groups and the DA women; signi®cant (P`0.008) reductions were observed for all anthropometric variables within all groups (Table 2 ). There were no signi®cant treatment by sex interactions, or differences across sex or treatment, for the changes in any of the anthropometric variables (P b 0.05).
Effects of weight loss on total and regional AT distribution
Total adipose tissue
As indicated in Table 2 , a signi®cant reduction in the total adipose tissue was observed within each group (P`0.001). Analysis revealed that there were no sex by treatment interactions, or differences across sex ( Figure 1, Panel A) or treatment for the reductions in total AT (P b 0.1).
Subcutaneous adipose tissue
Whole body subcutaneous AT. Signi®cant reductions were observed for total subcutaneous AT within each group (P`0.001) ( Table 2 ). There was no signi®cant sex by treatment interaction or difference across sex ( Figure 1, Panel B) when comparing the reduction in subcutaneous AT (P b 0.1). However, there was a difference across treatment as the reduction in subcutaneous AT was greater in response to DR than DO (P 0.05).
Regional subcutaneous AT. To determine the effects of weight loss on the regional reduction in subcutaneous AT, the changes within both lower-body and abdominal subcutaneous AT were examined independently. Signi®cant reductions were observed in both depots for all groups (P`0.001) ( Table 2 ). There was no signi®cant sex by treatment interaction when the reductions in abdominal and lower-body subcutaneous AT were analyzed independently (P b 0.1). The reductions in lower-body and abdominal subcutaneous AT were also not different across sex (Figure 1 , Panels C, D) (P b 0.1). There was a difference across treatment for abdominal, but not lower-body subcutaneous AT, as the DR subjects had a larger reduction in abdominal subcutaneous AT compared to DO subjects (P`0.05).
Abdominal vs lower-body subcutaneous AT. To determine if there was a preferential reduction of abdominal subcutaneous AT, the change in the abdominal to lower-body subcutaneous AT ratio was examined. Table 3 shows that with the exception of DA women, there was a signi®cant reduction in the abdominal to lower-body subcutaneous AT ratio within all exercise groups (P`0.01). The abdominal to lower-body subcutaneous AT ratio did not change in either DO group (P b 0.05), indicating that there was a uniform reduction of subcutaneous AT in response to diet alone.
Visceral adipose tissue
Total visceral AT. Signi®cant reductions in visceral AT mass were observed within each group independent of treatment and sex (P`0.001) ( Table 2 ). There was no signi®cant sex by treatment interaction when comparing the reduction in visceral AT (P b 0.1). Furthermore, no differences were seen across sex ( Figure 1 , Panel E) or treatment for the reduction in visceral AT (P b 0.1). The reductions in visceral AT area (cm 2 ) at the L4 ± L5 level followed those observed for visceral AT mass (Table 2) .
Visceral vs subcutaneous adipose tissue
To determine if there was a preferential reduction of visceral AT, the change in the ratio between visceral and subcutaneous AT was examined. Table 3 shows that there was a signi®cant reduction in the visceral to subcutaneous AT ratio within the DO and DA groups (P`0.01), independent of sex. The visceral to Sex effects on body composition changes I Janssen and R Ross subcutaneous AT ratio did not change in either DR group (P b 0.05). Further analysis revealed that there was no difference across sex (P b 0.05) for the change in the visceral to subcutaneous AT ratio, indicating that visceral AT was preferentially reduced to a similar extent in men and women.
Effects of weight loss on total and regional skeletal muscle and lean tissue distribution
Skeletal muscle
Whole body skeletal muscle. Independent of sex, whole body SM was maintained within the diet and exercise groups (P b 0.008) ( Table 2 ). However, signi®cant reductions in SM were observed in response to diet alone (P`0.008) ( Table 2 ). There was no signi®cant sex by treatment interaction for the change in SM. It was also noted that there was no difference across sex (Figure 1, Panel F) for the change in SM (P b 0.1), however, there were differences across treatment as the DO subjects lost more SM than both the DA and DR subjects (P`0.01).
Regional skeletal muscle. To determine whether regional differences existed in response to weight loss, the change in lower-and upper-body SM were examined independently. Signi®cant decreases in both lower-and upper-body SM were observed within the DO groups, independent of sex (P`0.008) ( Table 2 ). There was no signi®cant sex by treatment interaction or difference across sex for the change in lower-or upper-body SM (P b 0.1). There were, however, differences across treatment for the reduction in upperbody SM as the DO subjects lost more upper-body SM than both the DA and DR subjects (P`0.05). The DO subjects also lost more SM in the lower-body in comparison to the DA subjects (P`0.05).
Total lean tissue
Whole body lean tissue. Signi®cant reductions in whole body lean tissue were observed within the DO groups alone (P`0.008) ( Table 2 ). There was no signi®cant sex by treatment interaction, difference across sex, or difference across treatment for the changes in whole body lean tissue (P b 0.05).
Regional lean tissue. No changes were observed in the intra-abdominal lean tissue (that is kidney, liver) within any group (P b 0.05). Within the DO groups, reductions (P`0.008) were observed for both lowerbody (men and women) and upper-body (men only) lean tissue, indicating that the loss of lean tissue in response to diet alone was limited to SM in the appendicular regions.
Discussion
The in¯uence of sex on adipose and lean tissue distribution in response to exercise andaor diet induced weight loss was examined in upper-body obese men and women. The principle observation is that in response to a $ 10% weight loss induced by either diet or diet and exercise, reductions in total adiposity, subcutaneous and visceral adipose tissue are not different in obese men and women. It was also observed that, independent of sex, visceral adipose tissue was preferentially reduced by comparison to subcutaneous adipose tissue in response to diet alone and the combination of diet and aerobic exercise. Finally, the combination of diet and aerobic or resistance exercise results in a preservation of skeletal muscle mass, whereas diet alone is associated with a modest but signi®cant reduction in skeletal muscle in both men and women.
The results of this study clearly indicate that regardless of treatment, reduction in total adiposity is not different in men and women. These ®ndings are consistent with two recently performed meta-analysis which report that sex does not in¯uence reductions in total body fat induced by either diet alone or the combination of diet and exercise. 26, 27 The ®ndings reported here extend these observations and suggest for the ®rst time that sex does not in¯uence the Sex effects on body composition changes I Janssen and R Ross magnitude of diet-or diet and exercise-induced weight loss on either subcutaneous or visceral adipose tissue distribution. A central ®nding of this study is that abdominally obese men and women both lose approximately 35% of their visceral adipose tissue mass in response to a $ 10% weight loss. This is consistent with in vitro data suggesting that sex is not associated with differences in lipoprotein lipase activity, basal lipolysis or epinephrine stimulated lipolysis in omental and mesenteric adipocytes. 28 Reductions in visceral adiposity of this magnitude ($ 35%) have important clinical implications. Recent evidence suggests that visceral adipose tissue accumulation at the L4 ± L5 level above $ 110 cm 2 for women and $ 125 cm 2 for men is associated with distinct elevations in risk factors for cardiovascular disease and type 2 diabetes. 29, 30 In this study, despite the fact both men and women remained obese post-treatment (BMI b 30 kgam 2 ), visceral adipose tissue in both sexes fell below these values. This ®nding suggests that the reductions in health risk associated with modest weight loss ($ 10%) 31, 32 may be mediated in large measure by a preferential reduction in visceral adiposity.
It is well documented that, by comparison to subcutaneous adipose tissue, visceral adipose tissue is preferentially reduced in response to a negative energy balance induced by exercise andaor diet. 33 Indeed, in this study we observed that independent of sex, the decrease in visceral to subcutaneous adipose tissue ratio in response to diet alone or the combination of diet and aerobic exercise was signi®-cant, and not different between abdominally obese men and women. However, the visceral-to-subcutaneous ratio did not decrease within the diet and resistance trained groups. This ®nding is inconsistent with previous studies wherein for both men 5 and women, 6, 35 resistance exercise is associated with a preferential reduction of visceral adiposity with 5, 6 or without 35 weight loss. That the visceral-to-subcutaneous ratio did not decrease within the diet and resistance exercise groups is explained by the greater reduction in abdominal subcutaneous adipose tissue by comparison to the other treatments (Table 2) . A rationale that explains this observation is unclear.
It is generally recognized that the metabolism of lower body adipocytes in pre-menopausal women favors fat deposition by comparison to men. 1 Indeed, it has been shown that lower body adipocytes in women are resistant to catecholamine stimulation compared to men. 3 As a consequence we hypothesized that during periods of weight loss men would lose more subcutaneous adipose tissue in the lower body region than women. That we observed no sex difference may re¯ect the fact that the MRI model employed lacks the sensitivity required to detect subtle differences in subcutaneous fat loss. In this way it is possible that regional differences would have been observed had we induced a greater weight loss, or, had exercise been responsible for a greater fraction of the energy de®cit prescribed.
Consistent with the observation that abdominal subcutaneous adipocytes are more sensitive to catecholamine stimulation during exercise than gluteal adipocytes in both sexes, 3 with the exception of the DA women, within both sexes we observed a preferential reduction of abdominal vs lower-body subcutaneous AT in response to diet and exercise, but not diet alone. That this depot is preferentially reduced in response to diet and exercise may convey a health risk bene®t as abdominal subcutaneous AT is an independent predictor of metabolic risk factors in both sexes. 36 ± 38 Accordingly, it is reported that reductions in this depot are correlated with concurrent reductions in metabolic risk factors in men and women. 10, 39, 40 In this study the addition of either aerobic or resistance exercise to a diet regimen was associated with a preservation of skeletal muscle in both sexes. This is consistent with the observation that muscular strength and peak VO 2 increased within the resistance and aerobically trained groups respectively. These observations reaf®rm the utility of diet and exercise as a means of reducing adiposity concurrent with a preservation of muscle mass and improvements in functional capacity. They also demonstrate that adaptations in skeletal muscle in response to diet and exercise are not different in men and women. We are unaware of other studies having compared skeletal muscle in men and women consequent to weight loss. However, our ®ndings are consistent with those of O'Hagan et al 8 who report that increases in muscle cross-sectional area in the upper-arm with resistance training is not different in men and women.
In this study no sex differences were observed for the main outcome variables. One caveat to this ®nding is the observation that, although not statistically signi®cant, the contribution that diet and exercise contributed to the overall energy de®cit differed by approximately 20% between the men and women. It is possible that sex differences in adipose tissue reduction might have been observed had the fraction that diet and exercise contributed to the energy de®cit been precisely matched. However, for studies that employ free living subjects within treatments of extended duration, precise control of diet-induced energy de®cit is dif®cult given the limitations inherent to the measurement of food intake by diet records. 41 In summary, in response to diet or diet and exercise-induced weight loss, the reduction in total adiposity, subcutaneous and visceral adipose tissue distribution is not different in upper body obese men and obese premenopausal women. The ®ndings of this study highlight the importance of aerobic or resistance exercise as a means of preserving skeletal muscle mass and improving functional capacity in both genders consequent with weight loss. Finally, the observation that within both men and women reductions in visceral adiposity fell below levels associated with Sex effects on body composition changes I Janssen and R Ross marked increases in metabolic disturbances, suggest that the health bene®ts associated with modest weight loss may be mediated in large measure by a preferential reduction in visceral adiposity.
